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© OLEFIN COPOLYMER AND PRODUCTION THEREOF. 

< 

^ © This invention provides an ethylene copolymer having a narrow molecular weight distribution and an 
-Jj excellent flow and being composed of structural units (a) derived from ethylene and structural units (b) derived 

from a Ca to C20 a-olefin. said copolymer having (A) a density of 0.85 to 0.92 g/cm 3 , (B) a limiting viscosity fa] 
j-) as determined in decalin at 135' C of 0.1 to 10 d!/g, (C) a ratio of the weight-average molecular weight (Mw) to 
O the number-average molecular weight (Mn) as determined by GPC of 1.2 to 4, and (D) a ratio of the MFR10 

under a 10-kg load to the MFR 2 under a 2.16-kg load at 1 90* C of 3 to 50. 
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FIG. I 



(A) Transition metal 
component 



Hafnium compound having as a 
ligand a muttldentate compound 
In which at least two groups 
selected from among conjugated 
cycloaUadlenyl groups or 
substituted groups thereof 
are linked together via lower 
alkylene groups, or 
a Ueoted product thereof. / 



(g ) Organometallic 
component 



Organoaluminum 
oxy - compound 



Olefin 
! copolymer 
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F:£LO OF THE INVENTION 

This invention relates to novel ethylene copolymers and process for preparing the same and more 
particularly to novel ethylene copolymers excellent in flowability in spite of the fact that they are narrow in 
5 molecular weight distribution (Mw/Mm) in comparison with conventionally known ethylene copolymers, and 
to process for preparing the same. 

In a further aspect, the invention relates to novel propylene random copolymers and process for 
preparing the same and more particularly to novel propylene random copolymers having low melting points 
in comparison with conventionally known propylene random copolymers and, in particular, excellent in heat- 
w sealing properties and anti-block properties, and to process for preparing the same. 

In another aspect, the invention, relates to olefin polymerization catalysts capable of polymerizing 
olefins with excellent polymerization activity even when the amount of aluminoxane used is reduced and 
capable of giving olefin polymers having high molecular weights. 

, 5 BACKGROUND OF THE INVENTION 

When molded into articles such as film, copolymers of ethylene and a-olefins of 3 to 20 carbon atoms 
are found to have excellent mechanical strength such as tensile strength, tear strength or impact strength 
and also excellent heat resistance, stress crack resistance, optical characteristics and heat-sealing prop- 
20 erries in comparison with conventional high-pressure low density polyethyienes, and are known as materials 
particularly useful for the preparation of inflation film or the like. 

Generally speaking, the ethylene copolymers mentioned above have such excellent characteristics that 
when said copolymers come to be narrower in molecular weight distribution represented by the ratio 
(Mw/Mn) of weight average molecular weight (Mw) to number average molecular weight (Mn), the moided 
25 : articles obtained therefrom, such as film, are found to be less tacky. However, when these ethylene 
copolymers having a narrow molecular weight distribution are melted, there was such drawbacks that their, 
flowability represented by the ratio (MFRio-MFR^) of MFRto under a load of 10 kg to MFR 2 under a load of 
2.16 kg as measured at 190°C is small, with the result that they become jxior in moldability. 

Therefore, if ethylene copolymers which are small in value of Mw/Mn and narrow in molecular weight 
30 distribution and, moreover, large in value of MFRi 0 /MFR 2 and excellent in flowability come to be obtained, 
such ethylene copolymers are certainly of great commercial value. 

On the other hand, polypropylene has wide applications in the field of plastics because of its excellent 
physical properties. For example, polypropylene is widely used as packaging film material. In the 
applications of the type, however, because of its relatively high melting point, polypropylene is generally 
as copolymerized with ethylene or a-olefins of 4 to 20 carbon atoms in order to improve heat-sealing 
properties at low temperature, and is used in the form of propylene/a-olefin copolymer. 

Packaging films formed from these known propylene/a-olefin copolymers are still not sufficient in heat- 
sealing properties, though they are excellent in transparency and scratch resistance in comparison with 
those formed from low density polyethylene, and accordingly it is hoped that propylene/a-oiefin copolymers 
excellent in heat-sealing properties even at-Iower temperatures will come to be obtained. 

It is well known that the above-mentioned propylene/a-olefin random copolymers may be improved in 
heat-sealing properties by increasing the proportion of ethylene or a-olefin of 4 to 20 carbon atoms to 
propylene in the copolymer. However, if the proportion of ethylene or a-o!efin of 4 to 20 carbon atoms is 
increased in the copolymerization, the resulting propylene/a-olefin copolymer increases in amount of the 
45 solvent-soluble component, whereby the resultant copolymer come to be poor in anti-blocking properties 
and also in stiffness. 

Such propylene/a-olefin .random copolymers excellent in heat-sealing properties, anti-biock properties 
and stiffness as mentioned above are available only when they have a low melting point in spite of the fact 
that the proportion of a-olefin in the copolymer is smail. 

so Incidentally, olefin polymerization catalysts composed generally of titanium compounds or vanadium 

compounds and organoaluminum compounds have heretofore been used for preparing ethylene 
copolymers. In recent years, however, catalysts composed of zirconium compounds and aluminoxane have 
been proposed of late as new Ziegler polymerization catalysts. Japanese Patent L-O-P Publn. No. 
19209/1983 discloses a process for polymerizing ethylene and one or two or more C3-C12 a-olefins at a 

55 temperature of from -50°C :o 200°C in the presence of a catalyst composed or a transition metai con-ammg 
ccmcound representee by the following iomnuia 



40 
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are:." R is cycioper.iacienyi. C:-C$ aikyl or halogen. Me :s a ;ransiiicf! rr.eiai. and Ha! .s r.aiocen. anc = 



linear aluminoxane represented by the following formula 



AI 2 OFU(AI (R) - 0)„ 

wherein R is methyl or ethyl, and n is a number of 4-20, or a cyclic aluminoxane represented by the 
following formula 



-f Al (R) - O -h 



wherein R and n are as defined above. The publication cited abcve describes that ethylene should be 
polymerized in the presence of small amounts, up to 10% by weight, of somewhat long chain o-olefins or 
mixtures thereof in order to control a density of the resulting polyethylene. 

Japanese Patent L-O-P Publn. No. 95292/1984 discloses an indention relating to a process for preparing 
a linear aluminoxane represented by the following formula 



Al - O i Al - O + 



/ n 



Al 



/ 



wherein n is 2-40, and R is C-Cc alkyl, and cyclic aluminoxane represented by the following formula. 



4- Al (R) - O-h 



wherein n and R are as defined above. The publication cited above describes that olefins are polymerized 
in the presence of the aluminoxane prepared by the process of said publication, for example methyl 
aluminoxane in admixture with a bis(cyclopentadienyl) compound of titanium or zirconium, whereupon at 
least twenty-five million g of polyethylene per 1 g of the transition metal per hour is obtained 

Japanese Patent L-O-P Publn.. No. 35005/1985 discloses a process' for preparing olefin polymerization 
catalysts, wherein an aluminoxane compound represented by the following formula 



Al - O (-A1 - O ) Al 

' ' ' \ 

r0 r1 r0 

wherein R- is C,-C, 0 alkyl, and R° is R' or represents -O- by linkage therewith, is first allowed to react with 
a magnesium compound, the resulting reaction product is then chlorinated, followed by treating with a Ti. V 
Zr or Cr compound. This publication cited above describes that the catalysts prepared by the process of 
said publication are particularly useful for the copolymerization of mixtures of ethylene and C 3 -C, 2 a -olefins 
Japanese Patent L-O-P Publn. No. 35006/1985 discloses a combination of (a) mono-, di- or :n- 
cyclooentadienyl of two or more Different transition metals or derivatives thereof and (b) aluminoxane as a 
cas£iysl SVSJem ,: ° f ? re P £rin Q factor oienc oo.ymers. Examce i or the aoove-caec oucication o.scioses 
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or 36,400 and confining 3 yi :r.e propylene component has been cb;a:neo by coiymenzaiicr. or 
I-;v~-r-e v.;;h orcoyiene in the cesence of a cor^bi.^sticn cf bisfpentamethyfcycJocerslscJieryOzircc-i'jrp 
dimethyl End aluminoxane as the catalyst. Example 2 or the said publication discloses polymerization or 
ethylene with propylene in the presence of a combination of bis(pentamethylcyclopentadienyl)zirconium 
dichloride. bis(methylcyclopentadienyf)zirconium dichloride and aluminoxane as the catalyst, whereby a 
blend of polyethylene and ethylene/propylene copolymer is obtained, said polyethylene having a number 
average molecular weight of 2,000. a weight average molecular weight of 8.300 and the propylene content 
of 7.1 mol%. and comprising a toluene-soluble portion having a number average molecular weight of 2,200, 
a weight average molecular weight of 1 1.900 and the propylene content of 30 mol% and a toluene-insoluble 
oortion having a number average molecular weight of 3.000. a weight average molecular weight of 7.400 
and the propylene content of 4.8 mol%. Similarly. Example 3 of the said publication discloses a blend of 
LLDP and an ethylene/propylene copolymer, said LLDPE comprising a soluble portion having a molecular 
weight distribution (Mw/Mn) of 4.57 and the propylene content of 20.6% and an insoluble portion having the 
molecular weight distribution of 3.04 and the propylene content of 2.9 mol%. 

Japanese Patent L-O-P Publn. No. 35007/1985 discloses a process for polymerizing ethylene alone or 
together with a-olefins of at least 3 carbon atoms in the presence of a catalyst system containing 
metallocene and a cyclic aluminoxane represented by the following formula 



20 



-e ai 



o 



R 



25; 

wherein R is alkyl or 1-5 carbon atoms, and n is an integer of 1 to about 20, or a linear aluminoxane 
represented by the following formula 



30 



R 2 A1- 



f- AI - O ■-)— =r— A1R 2 

( 



35 wherein R and n are as defined above. According to the said publication, the polymers obtained by the 
above-mentioned process are alleged to have a weight average molecular weight of from about 500 to 
about 1,400,000 and a molecular weight distribution of 1.5-4.0. 

Japanese Patent L-O-P Publn. No. 35008/1985 discloses polyethylene or copolymers of ethylene and 
C3-C10 a-olefins, both having a broad molecular weight distribution, obtained by using a catalyst system 
40 containing at least two kinds of metailocenes and aluminoxane. The said copolymers disclosed in the 
above-mentioned publication are alleged to have a molecular weight distribution (Mw/Mn) of 2-50. 

Japanese Patent L-O-P Publn. No. 130314/1986 discloses polypropylene high in isotacticity obtained by 
polymerization of propylene in the presence of a catalyst system comprising a sterically fixed zirconium- 
chelate compound and aluminoxane. 
45 J. Am. Chem. Soc, 109. 6544 (1987) discloses formation of a high molecular weight isotactic 

polypropylene obtained by~polymerization of propylene in the presence of a catalyst system comprising 
ethylenebis(indenyl)hafnium dichloride or its hydride and aluminoxane. said isotactic polypropylene having a 
narrow molecular weight distribution (Mw/Mn) of 2.1-2.4. ^ ^ 

Japanese Patent L-O-P Publn. No. 142005/1987 discloses a stereobfock polypropylene having Mw/Mn 
50 of 5.0-14.9 obtained by polymerization of propylene in the presence of a catalyst system comprising 
tetramethylethyienebis(cyclopentadienyl) titanium chloride and aluminoxane. The polypropylene thus ob- 
tained is short in isotactic chain length and is a rubbery polymer. 

The present inventors have come to accomplish the present invention on the basis of their finding that 
! ethvlene copolymers which are small in Mw/Mn and narrow in molecular weight distribution and. moreover, 
55 ■ ! arge m MFRi 0 /MFR 2 andexcellent in flowabiiity are obtained by ccpolymerizaiion of emyiene with a-olefins 
' of 3-20 csroon atoms in the presence of olefin polymerization catalysts composed of specific hafnium 
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are copciy;-er : ;e^ in ;ne presence :r aenn poiyiTer;-;. - ca- ; ys;s composec oi specie -a;n;um 
:G '' r 'P GU,nC5 ar,G alumir.oxana. uiere are obtained p-.'cpyler.e.a-o.c^r, copolymers .w.»cr. are :;a;ro-v/ .n 
molecular weight distribution and small in amount of the a-olefin copolymerized therewith, bui are low in 
melting point in comparison with conventionally known propylene/a-olerin copolymers, on which the~present 
5 invention has been based. 

Accordingly, the present invention is to solve such problems associated with the prior art as mentioned 
above, and an object of the invention is to provide ethylene copolymers which are small in Mw/Mn and 
narrow in molecular weight distribution and. moreover, which are large in MFR, 0 /MFR 2 and excellent in 
flowability, and processes for preparing the same. 

to A further object of the invention is to provide propylene/a -olefin copolymers which are narrow in 

molecular weight distribution and small in amount of the a-olefin copolymerized therewith but have a low 
melting point and. moreover, which are excellent in heat-sealing properties and also excellent in anti-block 
properties and stiffness, and processes for preparing the same. 

Another object of the invention is to provide olefin polymerization catalysts, which produce polymers 

;s which are narrow in molecular weight distribution in homopolymerization or narrow in molecular weight and 
composition distribution in copolymerization with high polymerization activities even by the use of small 
amounts of aluminoxane. furthermore, produce easily polymers which are high in molecular weight. 



20 



DISCLOSURE OF THE INVENTION 



The ethylene copolymers of the present invention are those having (a) structural units derived from 
ethylene and (b) structural units derived from a-olefin of 3-20 carbon atoms, which are characterized in that 
they have 

(i) a density of 0.85-0.92 g/cm 3 , 
25 . (ii) an intrinsic viscosity fo] of 0.1-10 dl/g as measured in decalin at 135°C, 

(iii) a (Mw/Mn) ratio of a weight average molecular weight (Mw) to a number average molecular weight 
(Mn) of 1.2-4 as measured by GPC, and 

(iv) a (MFRi C /MFR 2 ) ratio of MFR I0 under a load of 10 kg to MFR 2 under a load of 2.16 kg of 8-50 as 
measured at 190°C. 

30 The processes for preparing ethylene copolymers of the present invention are characterized in that 

ethylene and a-olefins of 3-20 carbon atoms are copolymerized so that a density of the resulting 
copolymers becomes 0.85-0.92 g/cm 3 , in the presence of catalysts formed from 

.- [A] hafnium compounds having muitidentate coordination compounds as ligands, in which at least two 
groups selected from among conjugated cycloalkadienyl groups or substituted groups thereof are linked 
35 together via lower aikylene groups, or hafnium compounds obtained by treating the above-mentioned 
hafnium compounds with alkylsilylated silica gel, and 
[B] organoaluminum oxy-compounds. 
The first propylene/'a-oiefin random copolymers of the present invention are those having (a) structural 
units derived from propylene and (b) structural units derived from a-olerins of 4-20 carbon atoms, which are 
40 characterized in that they have 

(i) 90-99 mo!% of said structural units (a) and 1-10 mol% of said structural units (b). 

(ii) an intrinsic viscosity M of 0.5-6 dl/g as measured in decalin at 135°C, 

(iii) a melting point [TmJ. as measured by a differential scanning calorimeter, falling within the range of 
the formula 90<Tm<l 55-3.5 (100-P) wherein P is the propylene component (mol%) contained in the 

^5 copolymer, 

(iv) a (Mw/Mn) ratio of less than 3.5 between a weight average molecular weight (Mw) and a number 
average molecular weight (Mn) as measured by GPC. and 

(v) a boiling trichloroethylene-insolubie matter in an amount of less than 5% by weight 

The processes for preparing the first propylene/a-olefin copolymers of the present invention are 
50 characterized in that propylene and o-olefins of 4-20 carbon atoms are copolymerized at a temperature of 
40-100°C so that the resulting copolymers have 90-99 mol% of structural units (a) derived from propylene 
and 1-10 mol% of structural units (b) derived from the a-olefin, in the presence of catalysts formed from 

[A] hafnium compounds having muitidentate coordination compounds as ligands, in which at least two 
groups selected from among conjugated cycloalkadienyl groups or substituted groups thereof are linked 

55 togemer via lower aikylene groups, anc 

[B] organoaluminum oxy-compounds. 

. ne £cccnc orooyiene.o-oieiin ranccm ccpcsymers o\ :r.e prefer:: invention are ihcse ~.a*.s:K: -ai 
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cenvee from s-oienns or 4-20 career; a:cms. whicn are cr.zrac:$:-*zec .n : .r.a.i *hey nave 

90-92 -c! 3 : of sa;d structural -nits (a). 0.5-3.5 mo!% ;f said structural units (b) and 0.5-9.5 rr.c!°'= cf 
said structural units (c), 

(ii) an intrinsic viscosity [t] of 0.5-5 dl/g as measured in decalin at 135°C. 
5 (iii) a melting point [Tm], as measured by a differential scanning calorimeter, falling within the range of 
the formula 70<Tm<l 55-5.5 (100-P) wherein P is the propylene component (mol%) contained in the 
copolymer, and 

(iv) a boiling trichloroethylene-insoluble matter in an amount of less than 5% by weight. 
The processes for preparing the second propylene/a-olefin copolymers of the present invention are 
w characterized in that propylene, ethylene and a-olefins of 4-20 carbon atoms are copolymerized so that the 
resuiiing copolymers have 90-99 mol% of structural units (a) derived from propylene. 0.5-9.5 mol% or 
structural units (b) and 0.5-9.5 mol% of structural units (c). in the presence of catalysts formed from 

[A] hafnium compounds having multidentate coordination compounds as ligands in which at least two 
groups selected from among conjugated cycloalkadienyl groups or substituted groups thereof are linked 

75 together via lower alkylene groups, and 

[B] organoaluminum oxy-compounds. 

In accordance with the present invention, there are provided olefin polymerization catalysts formed from 

[A] hafnium compounds having multidentate coordination compounds as ligands in which at least two 
groups selected from conjugated cycloalkadienyl groups or substituted groups thereof are linked 

20 together via lower alkylene groups, 

[B] organoaluminum oxy-compounds. and 

[C] organoaluminum compounds. 

In accordance with the present invention, furthermore, there are provided olefin polymerization catalysts 
formed from 

25 ; [A] hafnium compounds having multidentate coordination compounds as ligands in which at least two 
groups selected from among conjugated cycloalkadienyl groups or substituted groups thereof are linked 
together via lower alkylene groups, 

[B-1] organoaluminum oxy-compounds formed from tri-n-alkyl aluminum, and 

[B-2] organoaluminum oxy-compounds in which at least one hydrocarbon group other than n-alkyl group 
30 is bonded to Al atom. 

BRIE F DESCRIPTION OF THE ORAWINGS 

Fig. 1 is an illustration of process for the preparation of the olefin copolymers of the present invention. 
35 Fig. 2 is a graph showing the relationship between the propylene content and melting point of the 

propylene random copolymer of the present invention. 

Figs. 3-5 are stepwise illustrative of the method of evaluation of heat-sealing properties of the propylene 
random copolymer of the present invention. 

40 BEST MOPE OF PRACTICING THE INVENTION 

The ethylene copolymers of the present invention and processes for preparing the same are illustrated 
below in detail. 

The process for the preparation of the ethylene copolymers of the present invention is illustratively 
45 shown in Fig. 1 

The ethylene copolymers of the invention are random copolymers of ethylene and a-olefins of 3-20 
carbon atoms. The ethylene copolymers have a density of 0.85-0.92 g/cm 3 , preferably 0.85-0.91 g/cm 3 and 
especially 0.85-0.90 g/cm 3 . 

In this connection, the density of these ethylene copolymers was measured by gradient tube density 
50 determination using the strand of ethylene copolymer used at the time of determining MFR 2 under a load of 
2.16 kg at 190°C. 

In these ethylene copolymers, are present desirably structural units (a) derived from ethylene in an 
amount of 60-96 mol%, preferably 65-95 mol% and especially 70-94 mol%. and structural units (b) derived 
from Q-oier'in of 3-20 carbon atoms in an amount of 4-40 moi%, preferably 5-35 mol% and especially 6-30 
55 mol%. 

The comocsition of the copolymer :s determined by measuring a spectrum or 53 C-NMR of a soecimen 
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;p^c;rv!" .vie';;-, of 1300 Hz. pu:$e .-epetiiion ;:me o; 4.2 sec. ar.c pu:se -.vie;:-; c; 3 $=c. 

Alp.-c olefins oi 3-20 carbon atoms used in ;he preser.; .mention induce p.-ooyiene. i-bu;ene - 
pentene. i-hexene. 4-methyM -peniene. i-octene. i-decene. i-dcdecene. l-te!raaecene, i-hexacecen* J. 
octadecene. 1-eicosene. etc. 

The ethylene copolymers of the present invention desirably have an intrinsic viscosity [,] of 0.1-10 dl/ Q 
preferably 0.5-6 dl/g as measured in decalin at 135" C. 

The molecular weight distribution (Mw/Mn) as obtained by gel permeation chromatography (GPC) of the 
ethylene copolymers of the invention is 1.2-4. preferably 1.4-3.5 and especially 1.5-3.0. As is evidenced by 
the foregoing, the ethylene copolymers of the invention are narrow in molecular weight distribution and 
excellent in anti-block properties. 

In this connection, a value of (Mw/Mn) obtained in the invention was determined by the followinq 
procedure in accordance with Takeuchi. "Gel Permeation Chromatography." Maruzen. Tokyo. 

(1) Using a standard polystyrene having the known molecular weight (a monodispersed polystyrene 
produced and sold by Toyo Soda K.K.), molecular weight M and GPC (Gel Permeation Chromatography) 
count of the sample are measured to prepare a correlation diagram calibration curve of the molecular 
we^ht M and EV (Elution Volume). The concentration of the sample used is maintained at 0.02% by 
weight. 

(2) GPC_chromatograph of the sample is taken by GPC measurement, and a number average molecular 
weight Mn and a weight average molecular weight Mw, in terms of polystyrene, are calculated from th= 
cal.brat.on curve mentioned in the above procedure (1 ) to obtain a value of Mw/Mn. In that case the 
conditions under which the sample is prepared, and the conditions under which GPC measurement is 
conducted are as follows: 

[Preparation of sample] 

(a) The sample is put in an Erlenmeyer flask together with o-dichlorobenzene so that the same amounts 
to 0.1% by weight. 

(b) The Erlenmeyer flask is heated at 140' C and stirred for about 30 minutes to dissolve the sample in 
o-dichlorobenzene. 

(c) The solution is subjected to GPC. 

[GPC measurement conditions j 

The measurement was conducted under the following conditions. 

(a) Apparatus 150C-ALC/GPC manufactured by Waters Co. 

(b) Column GMH Type manufactured by Toyo Soda K.K. 

(c) Amount of sample 400 ul 

(d) Temperature 140'C 

(e) Flow rate 1 ml/min 

In the ethylene copolymers of the invention, a (MFR 10 /MFR 2 ) ratio of MFR, 0 at 190' C under a load of 
10 kg to MFR 2 at 190* C under a load of 2.16 kg is 8-50. preferably 8.5-45 and especially 9-40 

Such ethylene copolymers having the MFR 10 /MFR 2 ratio falling within the range of 8-50 as mentioned 
above are quite favorable in flowability at the time when they are melted. 

In contrast thereto, the aforementioned known ethylene copolymers having the Mw/Mn ratio of 1 2-4 will 
come to have the MFR, 0 /MFR 2 ratio in the range of 4-7. and hence they are poor in flowability at the time 
when they are melted. 

As mentioned above, the ethylene copolymers of the present invention have such excellent characteris- 
es that they have a small molecular weight distribution (Mw/Mn), and molded articles resulting therefrom 
are less sticky and, at the same time, they are large in MFR, 0 /MFR 2 and excellent in flowability at the time 
when they are melted. 

The ethylene copolymers of the invention as illustrated above may be prepared by copolymerization of 
ethylene w,th a-olefins of 3-20 carbon atoms so that the resulting copolymers have a density of 0 85-0 92 
g/cm 3 m the presence of catalysts formed from 

[A] hafnium compounds having multidentate coordination compounds as ligands in which at least »vo 
groups selectea from among conjugated cycloalkadienvl grouos or substituted orouos thereof are linkea 
together v.a lower alkylene. or hafnium catalyst components obtaineo by treating the above-mentionea 
nainiL.-i compounos with alkylsiiyiaieo 5iiica cel. ana 
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The caiaiys? compcr.eruS : Aj usee ir, '.'ce :nve:v:;er. = .•£ na^um competes " = *■ - : : : j£-r;=..:r 

coordination compounds as licancs .n w;:::r, a- ieasi V-'-o groups saiaciec rrcrr. irr.zcz rz-r.i'jcatec 

cycloalkadienyl groups or substituted groups thereof, e.g. indenyl group, substituted indeny! croup anG 

partially hydrated compounds thereof, are linked together via lower alkylene groups, or compounds obtained 
5 by treating the above-mentioned hafnium compounds with aikylsilylated silica gel. 

The above-mentioned hafnium compounds include, for example, the following compounds. 

Ethylenebis(indeny!)dimethyl hafnium, 

Ethylenebis(indenyl)diethyl hafnium, 

Ethylenebis(indenyl)diphenyl hafnium, 
10 Ethylenebis(indenyl)methyl hafnium monochioride, 

Ethylenebis(indenyl)ethy) hafnium monochioride. 

Ethylenebis(indenyl)methyl hafnium monobromide, 

Ethylenebis(indenyl)hafnium dichloride. 

Eihylenebis(indenyl)hafnium dibromide, 
75 Ethylenebis (4,5,6,7-tetrahydro-l -indenyl)dimethyl hafnium, 

Ethylenebis(4,5,6.7-tetrahydro- 1 -indenyl)methyl hafnium monochioride. 

Ethylenebis(4,5.6,7-tetrahydro- 1 -indenyl)hafnium dichloride. 

Ethylenebis(4,5.6,7-tetrahydro- 1 -indeny l)hafnium dibromide. 

Ethylenebis(4-methyl-l -indenyf)hafnium bichloride. 
20 Ethylenebis(5-methyl-Hndeny1)hafnium dichloride. 

Ethylenebis(6-methyl-1-indenyi)hafnium dichloride. 

Ethylenebis(7-methyl-1-indenyl)hafnium dichloride, 

Ethylenebis(5-methoxy-1 -indenyl)hafnium dichloride, 

Ethylenebis(2,3-dimethy I- 1 -indenyl)harnium dichloride. 
25 : Ethylenebis(4,7-dimethyl-l-indenyl)hafnium dichloride, 

Ethylenebis(4,7-dimethoxy- 1 -indenyl)hafnium dichloride. 

The above-mentioned hafnium compounds may contain small amounts of zirconium or titanium. In such 

a case, the content of zirconium or titanium is less than 1% by weight, preferably less than 0.7% by weight 

and especially less than 0.5% by weight. 
30 The hafnium catalyst components used in the present invention may include compounds obtained by 

treating the above-mentioned hafnium compounds with aikylsilylated silica gel. More particularly, the said 

hafnium catalyst components may be hafnium compound solutions which are obtained, for example, by 

passing a solution of the above-mentioned hafnium compound in an organic solvent such as toluene 

through a column packed with aikylsilylated silica gel, wherein said hafnium compound is brought inro 
35 contact with the aikylsilylated silica gel. 

The organic solvents used in that case are preferably aromatic hydrocarbons such as toluene, benzene 

and xylene. The aikylsilylated silica gel used may includes those obtained by treating silica gel with 

dimethyl dichlorosilane, ethylmethyl dichlorosilane, trimethyl chlorosilane. trimethyf bromosilane, divinyi 

dichlorosilane, diethyl dichlorosilane or methyipropyl dichlorosilane. The hafnium concentration in the 
40 hafnium compound solution is usually frorrr 1 x 10" 5 to 5 x 10~ 3 mol/l, and the amount of the aikylsilylated 

silica gel used is usually 20-500 g per 1 mmol of the hafnium compound. A temperature at which the 

hafnium compound solution is brought into contact with the aikylsilylated silica gel is usually 0-50* C. 

When the hafnium catalyst components obtained by treating the above-mentioned hafnium compounds 

with the aikylsilylated silica gel are used as the catalyst components [A], ethylene copolymers excellent in 
45 transparency are obtained. 

The catalyst components [B] used in the process of the present invention are organoaluminum oxy- 

compounds. The organoaluminum oxy-compounds used as the catalyst components may be shown as 

benzene-soluble aluminoxanes represented by the following genera! formulas (1) and (II). 



55 
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11) 



w 



i 

R 



(II) 



wherein R may be the same or different and is a hydrocarbon group such as methyl, ethyl, propyl or butyl 
preferably methyl or ethyl and especially methyl, and m is an integer of at least 2. preferably at least 5. The 
is above-mentioned aluminoxanes may be prepared, for example, by the procedures as exemplified below. 

(1) A procedure which comprises reacting a suspension in a hydrocarbon medium of a compound 
containing water of absorption or a salt containing water of crystallization, for example, magnesium 
chloride hydrate, copper sulfate hydrate, aluminumsulfate hydrate, nickel sulfate hydrate or serous 
chloride hydrate, with trialkylaluminum. 
20 (2) A procedure which comprises reacting trialkylaluminum directly with water, water vapor or ice in a 
medium such as benzene, toluene, ethyl ether and tetrahydrofuran. 
The aluminoxanes as illustrated above may contain small amounts of organometaflic components. 
Further, the organoaluminum oxy-compounds used in the present invention may be those which are 
insoluble in benzene. The benzene-insoluble organoaluminum oxy-compounds are illustrated hereinafter. 
25 : The benzene-insoluble organoaluminum oxy-compounds used in the invention may be prepared by (i) 
reaction of organoaluminum compounds with water or (ii) reaction of solutions of aluminoxane. for example, 
hydrocarbon solutions thereof, with water or active hydrogen-containing compounds. 

The benzene-insoluble organoaluminum oxy-compounds are considered to have alkyioxyaluminum units 
represented by the formula 



30 




wherein R' is hydrocarbon of 1 - 12 carbon atoms and Al component soluble in benzene at 60' C is in an 
amount, in terms of Al atom, of less than 10%, preferably less than 5% and especially less than 2%. thus 
they are insoluble or sparingly soluble in benzene. 

40 Solubility in benzene of the organoaluminum oxy-compounds of the present invention is determined by 

suspending the organoaluminum oxy-compound equivalent to Al of 100 mg atom in 100 ml of benzene, 
stirring the suspension at 60 ' C for 6 hours, filtering the thus treated suspension at a temperature elevated 
to 60 -C using G-5 glass filter equipped with a jacket, washing 4 times the solids portion separated on the 
filter with 50 ml of benzene kept at 60* C and then measuring the amount of Ai atoms (x mmol) present in 

45 the total filtrate. 

In the alkyioxyaluminum units mentioned above. R 1 is methyl, ethyl, n-orcpyl, isopropyl. n-butyl, 
isobutyl, pentyl, hexyl, octyl, decyl. cyclohexyl, cyclooctyl, etc. Among these, preferred are methyl and 
ethyl, particularly methyl. 

In addition to the alkyioxyaluminum units of the formula 

50 
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In the above-mentioned formulas, R 1 is as defined previously. R 2 is hydrocarbon of 1 - 12 carbon atoms, 
aikoxyi of 1 - 12 carbon atoms aryloxy of 6 - 20 carbon atoms, hydroxyl, halogen or hydrogen, and R' and 
R 2 recresent the groups different from each other. In that case, the benzene-insoluble organoaluminum oxy- 
compounds are preferably Jhose containing the alkyloxyaluminum units 



75 




in the proportion of at least 30 mol%, preferably at least 50 mol% and especially at least 70 mol%. 

The organoaluminum compounds (i) used for preparing such benzene-insoluble organoaluminum oxy- 
compounds as mentioned above are those represented by the formula R' n AIX 3 . n wherein R 1 is hydrocarbon 
of 1 - 12 carbon atoms, X is haiogen, alkoxyl of 1 ~ 12 carbon atoms, aryloxy of 6 - 20 carbon atoms or 

25 hydrogen, and n is 2 - 3. 

Such organoaluminum compounds (i) as mentioned above include trialkyialuminum such as 
trimethylaluminum, triethylaluminum. tripropylaluminum, triisopropylaluminum, tri-n-butylaluminum. tri-sec- 
butylaluminum. tri-tert-butylaluminum. tripentylaluminum. trihexylaluminum, trioctylaluminum, 
tridecyialuminum, tricyclohexylaluminum and tricyclooctylaluminum; dialkylaluminum halides such as 
30 dimethylaluminum chloride, dimethylaluminum bromide, diethylaluminum chloride, diethyialuminum bro- 
mide, and diisobutylaluminum chloride; dialkylaluminum hydrides such as diethylaluminum hydride and 
diisobutylaluminum hydride; dialkylaluminum alkoxides such as dimethylaluminum methoxide and 
-diethylaluminum ethoxide; and dialkylaluminum aryloxides such as diethylaluminum phenoxide. Of these 
organoaluminum compounds, preferred are those of the above-mentioned general formula in which R 1 is 
35 alky! and X is chlorine, and particularly preferred is trialkyialuminum. 

In this connection, isoprenylaluminum of the general formula (i-C* Hg ) x A\ y (0> H, 0 ) 2 wherein x. y and z are 
each positive integer, and z > 2x may also used as the organoaluminum compound (i). 

The organoaluminum compounds (i) as illustrated above may be used either singly or in combination. 
The active hydrogen-containing compounds (ii) used in preparing the benzene-insoluble or- 
40 ganoaluminum oxy-compounds of the present invention include alcohols such as methyl alcohol and ethyl 
alcohol, and diols such as ethylene glycol and hydroquinone. 

When water is used in preparing the benzene-insoluble organoaluminum oxy-compounds of the present 
invention, the water may be used after dissolving or suspending in hydrocarbon solvents such as benzene, 
toluene and hexane. ether solvents such as tetrahydrofuran, and amine solvents such as triethyiamine, or 
a5 may be used in the form of water vapor or ice. As the water, moreover, there may also be usee water of 
crystallization of salt such as magnesium chloride, magnesium sulfate, aluminum sulfate, copper sulfate, 
nickel sulfate, iron sulfate and cerrous chloride, or water of adsorption adsorbed to inorganic compounds 
such as silica, alumina and aluminum hydroxide or polymers. 

As mentioned above, the benzene-insoluble organoaluminum oxy-compounds of the present invention 
so may be prepared by reaction of the organoaluminum compound (i) with water, or by reaction of a solution of 
aluminoxane. for example, a hydrocarbon solution thereof, with water or the active hydrogen containing 
compound. In preparing the benzene-insoluble organoaluminum oxy-compound from the organoaluminum 
compound and water, the organoaluminum compound is brought into contact with water in a solvent, for 
example, a hydrocarbon solvent, and in that case, the water is adden to the reaction system so that the 
55 organoaiuminum atoms oissolved in the reaction system become less than 20% based on the total 
organoaluminum atom. In obtaining the benzene-insoluble organoaiuminum oxy-compounds acccrcing to 
-fccecure as mer;: : cnec aoove. s .:es.r^ci5 ;hat tr.e /.-a tar :s crcugru ;nio :cni=c: 
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The above-mentioned reaction for forming ine benzene-insoiubie organcaluminum oxy-compounds :s 
earned out in solvents, for example, hydrocarbon solvents. The solvents used inciude aromatic hydrocar- 
bons such as benzene, toluene, xylene, cumene and cymene. aliphatic hydrocarbons such as butane 
isobutane. pentane. hexane, octane, decane. dodecane. hexadecane and octadecane. alicyclic hydrocarbons 
such as cyclopentane. cyclooctane. cyclodecane and cyclododecane, such hydrocarbon solvents, for 
example, petroleum fractions, as gasoline, kerosine and gas oil, halides of the above-mentioned aromatic 
hydrocarbons, aliphatic hydrocarbons and alicyclic hydrocarbons, especially chlorides and bromides there- 
of, and ethers such as ethyl ether and tetrahydrofuran. Among these hydrocarbon media as exemplified 
above, particularly preferred are aromatic hydrocarbons. 

A concentration in terms of Al atom of the organoaluminum compound in the reaction system is 
desirably 1 * 10" 3 to 5 gram atom/I preferably 1 x 10 -2 to 3 gram aiom/t. and a concentration in the 
reaction system of water such as water of crystallization is usually 1 x 10" 3 to 20 mol/l. preferably 1 x ifj" 2 
to 10 mol/l. In that case, it is desirable that the organoaluminum atoms dissolved in the reaction system are 
less than 20%. preferably less than 10% and especially in the range of from 0 to 5% based on the total 
organoaluminum atom. 

Contact of the organoaluminum compound with water may be carried out, for example, by the following 
procedures. 

(1) A procedure wherein a hydrocarbon solution of organoaluminum is brought into contact with a 
hydrocarbon solvent containing water. 

(2) A procedure wherein water vapor is blown into a hydrocarbon solution of organoaluminum. thereby 
bringing the organoaluminum into contact with the water vapor. 

(3) A procedure wherein a hydrocarbon solution of organoaluminum is mixed with a hydrocarbon 
suspension of a compound containing water of adsorption or a compound containing water of crystalliza- 

: tion. thereby bringing the organoaluminum into contact with the water of adsorption or water of 
crystallization. 

(4) A procedure wherein a hydrocarbon solution of organoaluminum is brought into contact with ice. 

The above-mentioned reaction of the organoaluminum with water is carried out usually at a temperature 
of from -100 to 150'C. preferably -50 to 100*C and especially -30 to 80 *C. The reaction time, though it 
may largely vary depending upon the reaction temperature, is usually from 1 to 200 hours, preferably 2 to 
100 hours. 

In preparing the benzene-insoluble organoaluminum oxy-compounds from a solution of aluminoxane 
and water or a active hydrogen-containing compound, the aluminoxane present in the solution of aluminox- 
ane is brought into contact with water or the active hydrogen-containing compound. 

The solution of aluminoxane is a solution of aluminoxane in such a solvent as used in forming the 
above-mentioned benzene-insoluble organoaluminum oxy-compounds, preferably aromatic hydrocarbons 
such as benzene and toluene, and this solution may contain other components so long as they do not affect 
adversely the reaction between the aluminoxane and water or the active hydrogen-containing compound. 

The amount of water or the active hydrogen-containing compound used in the above-mentioned 
reaction is 0.1 to 5 moles, preferably 0.2 to 3 motes based on 1 gram atom of aluminum present in the 
solution of aluminoxane. A concentration in the reaction system of aluminoxane in terms of aluminum atom 
is usually 1 x 10" 3 to 5 gram atom/l t preferably 1 x 10~ 2 to 3 gram atom/I, and a concentration in the 
reaction system of water is usually 2 x 10 _t to 5 mole/l, preferably 2 x 10 -3 to 3 mole/I. 

Taking, as an example, the reaction of the solution of aluminoxane with water, said solution of 
aluminoxane is brought into contact with water or the active hydrogen-containing compound, for example, 
by the following methods. 

(1) A method which comprises bringing the solution of aluminoxane into contact with a hydrocarbon 
solvent containing water. 

(2) A method which comprises blowing water vapor into the solution of aluminoxane, thereby bringing the 
aluminoxane present in the solution of aluminoxane into contact with the water vapor. 

(3) A method which comprises mixing the solution of aluminoxane with a hydrocarbon solution of a 
compound containing water of adsorption or a compound containing water of crystallization, thereby 
bringing the aluminoxane present in the solution of aluminoxane into contact with the water of adsorption 
or water of crystallization. 

(4) A method which comprises bringing the solution of aluminoxane into contact directly with water or 
ice. 

The aoove-mennoneo proceoures may a:so be aopiieo to the case wherem the active hvcrcoen- 
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The raaciion or ;he soiu^on of aiummoxcna v/a-e-r :he ac::ve nycrocen-cc^ar::-:: •:?'^ccu- - a; 
•■^cvs-Vh Pbcve may be carried out usually at a temperature or from - 50* to 150"C. preferably 0* -o 
120' C and especially 20 - 100 "C. The reaction temperature, though it may largely vary cepencing upon 
the reaction temperature, is usually 0.5 - 300 hours, preferably about 1-150 hours. 
5 In preparing the ethylene copolymers by using the olefin polymerization catalysts as mentioned above, 

a concentration in the polymerization system of the hafnium compound in terms of hafnium atom is usually 
10~ 3 to 10" 2 gram atom/I, preferably 10~ 7 to 10~ 3 gram atom/I. 

The above-mentioned organoaluminum oxy-compounds are desirably used in an amount in terms of 
aluminum atom in present in the reaction system of 10^* to 10" gram atom/I. preferably 5 x 10" to 5 x 
w 1 0~ 2 gram atom/I. 

The polymerization temperature employed is from -50* to 150*C. preferably from 0* to 120*C. 

The olefin polymerization mentioned above is carried out usually in vapor phase or liquid phase. In the 
liquid phase polymerization, the solvent used may be inert hydrocarbon, or the olefin itself may also be 
used as the solvent. 

;s The hydrocarbon used in that case includes aliphatic hydrocarbons such as butane, isobutane. pentane. 

hexane. heptane, octane, decane. dodecane. hexadecane and octadecane. alicyclic hydrocarbons such as 
cyclopentane. methylcyclopentane. cyclohexane and cyclooctane. aromatic hydrocarbons such as benzene, 
toluene and xylene, and petroleum fractions such as gasoline, kerosine and gas oil. 

The polymerization pressure employed is usually from ordinary pressure to 100 kg/cm 2 , preferably from 
20 ordinary pressure to 50 kg/cm 2 , and the polymerization may be carried out batchwise. semi-cominuously or 
continuously. A molecular weight of the resulting polymer may be modified by the addition of hydrogen 
and/cr by regulation of the polymerization temperature employed. 

Hereinafter, the first propylene/a-olefin random copolymers and process for preparing the same of the 
present invention arc illustrated in detail. 
25 : The propylene/a-olefin random copolymers of the present invention are random copolymers of pro- 
pylene and a-oiefins of 4 - 20 carbon atoms. The propylene/a-olefin random copolymers of the invention 
desirably contain structural units (a) derived from propylene in an amount of 90 0 99 mol%. preferably 92 - 
98 mol%, and structural units (b) derived from a-olefin in an. amount of 1 - 10 moi%. preferably 2-8 
mol%. When the structural units (a) derived from propylene contained in the propylene/a-olefin random 
30 copolymer are less than 90 mol%. said copolymer tends to become poor in anti-blocking properties and 
stiffness and, on the other hand, when said units (a) are in excess of 99 mol%. said copolymer tends to 
increase in melting point and become poor in heat-sealing properties. 

a-olefins of 4 - 20 carbon atoms used herein include 1-butene, 1-pentene, 1-hexene. 4-methyM- 
pentene, 3-methyl-i-pentene. 1 -octane. 1-decene, 1-dodecene. 1 -tetradecene. 1-hexadecene. 1-octadecene 
35 and 1-eicosene. Among these, particularly preferred is 1-butene. 

The propylene/olefin random copolymers of the present invention desirably have an intrinsic viscosity 
h] of 0.5 - 6 dl/g, preferably 1 - 5 dl/g as measured in decalin at 135"C. If this intrinsic viscosity is less 
than 0.5 dl/g. the copolymers tend to become poor in anti-blocking properties and toughness and. on the 
other hand if said intrinsic viscosity exceeds 6 dl/g. the copolymers tend to become port m moldabiiity. 

Further, the propylene/a-olefin random copolymers of the invention have a melting point [Tm] as 
measured by a differential scanning calorimeter falling within the range of 
90 < Tm < 155 - 3.5 (100 - P). preferably 
100 < Tm < 150 - 3.5 (100 - P) 
wherein P is the content (mol%) of propylene in the copolymer. 
45 tn Fig. 2. there is shown as a straight line A the schematic relationship between the melting point Tm of 

the above-mentioned propylene/a-olefin random copolymer and the propylene content (mol%) present in 
said copolymer. In this Fig. 2. there is also shown as a straight line B the relationship between the melting 
point Tm of the known propylene/a-olefin random copolymer and the propylene content (mol%) present in 
said copolymer. 

so As is clear from Fig. 2. the- melting point of the first propylene/a-oiefin random copolymers of the 

present invention is lower by 10 - 20 *C than that of the known propylene/a-olefin random copolymers 
when the amount of a-olefin copolymerized of the former is the same as that of the latter. Accordingly, films 
obtained from the first propylene/a-olefin random copolymers of the invention are excellent particularly in 
heat-sealina properties at low temperatures, and the films exhibit excellent heat-sealing properties even 
55 when they have smail amounts or the copolymerized a-oiefin. and hence they are excellent in anti-blocking 
properties and have excellent stiffness. 

.r. :he eraser:: :v/er.::cr. :re crcpyiere^-oie::r -anccr^ ccccKrrter was allowed le s;and in a differencial 
p.cr* v -^0" Z :'cr 5 "v.r-.r.-is. :-:-:-ec up i: 20' C at a raie of '.C'C'min. ana allowed 
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lO'C-'min to obtain a temperature (Tm) at a maximurr ^c^'- i-r-i- ^..-w^I ~^ V'f ~ 20 :: 

point or said propylene/a -olefin random copolymer. ' ■-•--'.9 

The molecular weight distribution (Mw/Mn) of the first propylenes-olefin random copolymers of the 
■nvent.on as obtained by gel permeation chromatography (GPC) is .ess than 3.5. preferably Ls han 3 0 
and espeaa.ly .ess than 2.5. As stated above, the first P ropy.ene/ Q -o.efin random copolymers of the 
properties 3 " ^ ™** ^ ^ ,Ws P °' nt - ^ have exce.lent an.i-b.ocX ing 



The determination of melting point was conducted by using about 2.5 mg of the specimen and DSC nf 
o Perkin Elmer-7 Model at heat-up rate of 10' C'min. specimen and DSC of 

The first propylene/o-olefin random copolymers of the invention are desirably to have a so.uble portion 
m boiling n- pe n,ane ,n an amount of less than 3% by ws.ght. preferably less than 2% by ZIZZ 
especially less than 1% by weight. y w ~'9 n < =na 

Further, the first propylene/o-olefin random copolymers of the invention are desirablv to h-v, -„ 
s insoluble portion in boiling trich.oroethy.ene in an amount of less than 5% by weigh, preferably les^s han 
3% by we.ght and especially less than 1 % by weight. preferably less ,han 

The amounts of the insoluble portion in boiling trichloroethylene and the soluble portion in boilina n 
pentane were determmed by such a manner that about 3 g of the finely pulverized specimen was ex l ed 
for 5 hours w.th ,80 m, of each of the solvents in a cylindrical filter paper by using a Soxhlet^ ex Scto, 
ano the extracts res.due was dried with a vacuum dryer until i, reached a constant weight to obtl n he 

Sated 6 " • Wh6reby " diff8renCe " W6i9ht be " eSn ^ dded ^ "« *e origS 

nrJULT Pr0P i ylene/Q :° ,efin random copolymers of the present invention as illustrated above may be 
prepared by copolymenzmg propylene and .-olefin of 4 - 20 carbon atoms at a temperature of 40 -7 00 ■ C 
so, that the structural units (a) derived from propylene are present in an amount of 90 - 4 mo," and thP 
structural un.ts (b) derived from a-olefin are present in an amount of , - ,0 mol% ,n"L presence of 
catalysts formed from »' 0 i, 0 . m tne presence of 

[A] hafnium compounds having as ligands muitidentate compounds in which at least two groups selected 

[8] organoaluminum oxy-compounds. 

nrpn ' n C3 f S f h th ° ^polymerization may be carried out by employing the same conditions as used in the 
preparation of the aforementioned ethylene copolymers. " => <» useo in tne 

The first propylene/a-olefin random copolymers of the present invention are excellent particularly in 
heat-sealing propert.es at low temperatures and hence are used as heat-sealing agents part,cu,ar| y in 

Hereinafter, the second propylene random copolymers and process for preparing the same of -Hp 
present invention are illustrated in detail. y e 0 he 

The second propylene random copolymers of the invention are random copolymers of oroovlenP 
ethylene and o-olef.ns of 4 - 20 carbon atoms. In the propylene random copolymer, the s tructural un ts Z 
derived from propylene are present in an amount of 90 - 99 mol% preferably 92 - 9a mZ h 
units (b) derived from ethylene in an amount of 0.5 - 9.5 mo,%. preSy 9 mo* nd he' SuT"! 
units (c, derived from o-o.efin in an amount of 0.5 - 9.5 mol%. preferably - 9 mo"/! ,'th J£ * T ? 
(a) derived from propylene present in the said copolymers are 'ess than^O mo,™ t e c polyme nd ^ 
become poor ,n anti-blocking properties and stiffness. On the other hand, if the structural urltHa! exctn 

m °l^^Tln *? '° mCreaSe ^ me,tin ° P ° int ^ b6C0me P00r in »e*^9^ 
o-olehns of 4 - 20 carbon atoms used herein include i-butene. 1-pentene. ,-hexene 4-meL-i 

pentene. 3-methy,-,-pen,ene. ,-octane. ,-decene. 1-dodecene, 1 -tetradecene. 1 -hexadecene i 4^eri 
and l-eicosene. Among these, particularly preferred is l-butene octadecene 

m .7 he . SeC °w d P , r ° Pylene r3nd0m COpo 'y mers of the ir ^ntion desirably have an intrinsic viscos.ty M as 
measured ,n decalm at ,35' C of 0.5 - 6 d./g. preferably , - 5 d.g. If this intrinsic viscosity ,s less thin 0 5 
dl/g. the copolymers tend to become poor in anti-blocking properties and toughness and. on t e othe hancf 
if said mtrms.c v.scosity exceeds 6 dl/g. the copolymers tend to become poor in moldability 

mPa hh thS w S « C pr0pylene/Q -° ,e,in random copolymers of the invention have a melting point [Tm] as 
measured by a differential scann.ng calorimeter falling within the range of 

/0 < Tm < 155 - 5.5 (100 - P), preferably 

90 < Tm < 150 - 5.5 (100 - P) 
••vr.erein P , s ;l-.e content {mor.'oi ci prcoyiene ir, the cocoiymer. 

The scnemanc reiat.onship cetween the me.t.ng oom't Tm of the aoove-m^t.oneo orooviere .- ar . : . :i - 
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. ._., r sn ,- .-., ct v.: £ r.5 zor.ier.i l n:or^) m sa:c copc>v~sr =s te same as she-.,.-, r. .- ~ ^. 
""""'"'i'.-j manner.^he meitinc point of the second propylene random copolymers is lower by 10 - 20 'C 
'han'Va' of' the known oroovfene-o -olefin random copolymers when the amounts of ethylene and c-olerin 
cooolymerized of the former are the same as those of the latter. Accordingly, films obtained from the 
second propylene random copolymers of the invention are excellent particularly in heat-seal.ng properties at 
low temperatures, and the films exhibit excellent heat-sealing properties even when they have small 
amounts of ethylene and a-olefin copolymerized. and hence they are excellent in anti-blocking properties 

and have excellent stiffness. _ _ 

Further the molecular weight distribution (Mw/Mn) of the second propylene random copolymers or the 
,o invention as obtained by gel permeation chromatography (GPC) is less than 3.5. preferably less than 3.0 
and especially less than 2.5. As stated above, the second propylene ranoom copolymers of the invention 
are narrow in molecular weight distribution and. from this point, they have excellent anti-blocking properties. 

The second propylene random copolymers of the invention are desirably to have a soluble portion in 
boiling n-pentane in an amount of less than 5% by weight, preferably less than 3% by weight and 
is especially less than 2% by weight. 

Furthermore, the second propylene random copolymers of the invention are des.rably to nave an 
insoluble portion in boiling trichloroethylene in an amount of less than 5% by weight, preferably less than 
3% by weight and especially less than 1% by weight. 

The second propylene random copolymers of the present invention as illustrated above may be 
20 prepared by cooolymerizing propylene, ethylene and a-olefins of 4 - 20 carbon atoms at a temperature of 
40 - 100-C so that the structural units (a) derived from propylene are present in an amount of 90 - 99 
mol% in the resulting copolymers, the structural units (b) derived from ethylene in an amount of 0.5 - 9.5 
mol%. and the structural units (c) derived from a-olefin in an amount of 0.5 - 9.5 mol%, in the presence of 
catalvsts formed from 

25 [A] hafnium compounds having as ligands multidentate compounds in which at least two groups se.ected 
from among conjugated cydoalkadienyl groups or substituted groups thereof are linked together via 
lower alkylene groups, and 

[B] organoaluminum oxy-compounds. 

In that case, the copolymerization may be carried out by employing the same conditions as used in the 
30 preparation of the aforementioned ethylene copolymers. 

The second propylene random copolymers of the invention as illustrated above are excellent particularly 
in heat-sealing properties at low temperatures, and hence are used as heat-sealing agents. 

Hereinafter, the first olefin polymerization catalysts of the present invention are illustrated in detail. 
The first olefin polymerization catalysts of the invention are formed from 
35 [A] hafnium compounds having as ligands multidentate compounds in which at least two groups selected 
from among conjugated cydoalkadienyl groups or substituted groups thereof are iir.Sred together via 

lower alkylene groups. 

(8] organoaluminum oxy-compounds. and 

[C] organoaluminum compounds. 

4 0 In the olefin polymerization catalyst mentioned above, the hafnium compounds [A] and organoaluminum 
oxy-compounds [B] used may be the same as those mentioned previously. 

The organoaluminum compounds [C] used herein may be those having in the molecule at least one Al- 
C bond for example, the compounds as mentioned below. 

That is. (i) organoaluminum compounds represented by the general formula (R'LAKOR^HpX, wherein 
45 R'" and R 2 which may be the same or different, are each hydrocarbon of usually 1 to 15 carbon atoms, 
preferably A to 10 carbon atoms. X is halogen, m is 1 S m < 3. n is 0 Sn < 2. p is 0 < p < 2. and q is 0 < q 
< 2 and m + n + p + q = 3. and (ii) alkylated complex compounds of metals of Group 1 of the periodic 
table and aluminum' represented by the general formula M'AI(R') 4 wherein M' is Li. Na or K. and R" is as 

defined above. . 

so Of the organoaluminum compounds mentioned above, particularly preferred are those having hydrocar- 
bon groups other than n-alkyl group. Hydrocarbon groups other than n-alkyl group may include alkyl having 
a branched chain such as isoalkyl. cycloalkyl and aryl. The organoaluminum compounds as illustrated 
above may include, for example, trialkylaluminum such as triisopropyaluminum. triisobutylaluminurn. tri-2- 
methylbutylaluminum. tri-3-methylbutylaluminum. tri-2-methylpentylaluminum. tri-3-methyipentylaluminum. 

= 5 tri-4-methyipemylaluminum. tri-2-methylhexylaluminum. tri-3-methyihexylaluminum and tri-2-ethylhex- 
ylaiuminum: tricycioalkylaluminum such as tricyclchexyiaiuminum: triarylatuminum such as 
mpr.enviaium.ir.um ar.c tr.tolylaluminum: diaikyialum.num hycr:ces such as diisobutyia^mir.um hyc—e. ar.c 
~.ii-.-:~>, "Vi-! -.r.-. -.:}■'.?• -ces sucn as isobutviaiuminum ~a;"o>::ce. .sooutviaiuminum eihoica anc 
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c:«yl groups, particularly triaikyiaiuminum compounds. Furthermore, isoorenvlaiummum recresen%c 
general formula (i-C s H 4 > k AlytC s H.. c ) I wherein x. y and z are each a positive integer, and z > 2x is'also 
usetul. Compounds capable of forming the above-mentioned organoaluminum compounds in the ooly- 
s menzation system, for example, halogenated aluminum and alkyl lithium, or halogenated aluminum and 
alkyl megnesium. may be added to the polymerization system. 

In polymerizing olefin by using the first olefin polymerization catalysts of the present invention the 
hafn.um compound [A] is desirably used in an amount, in terms of hafnium atoms present in' the 
polymerization reaction system, of 10~ 3 - 10" 2 gram atom/I. preferably 10~ 7 - w~* gram atom/I the 
w organoalummum oxy-compound [B] is desirably used in an amount, in terms of aluminum "atoms present in 
the polymerization reaction system, of less than 3 mg atom/I. preferably 0.01 - 2 mg atom/I and especially 
0.02 - 1 mg atom/I. and the organoaluminum compound [C] is desirably used in such an amount that the 
proportion of aluminum atoms derived from said organoaluminum compound [CJ in the reaction c ystem to 
the total aluminum atoms of the organoaluminum oxy-compound [B] and organoaluminum compound fCl is 
rs 20 - 99%. preferably 25 - 98% and especially 30 - 95%. 

In the reaction system, the ratio of the total aluminum atom of the organoaluminum oxv-compound fBI 
and organoalummum compound (Cj to halfnium atoms of the hafnium comoound [AJ is usually 20 - 10000 
preferably 50 - 5000 and especially 100 - 2000. 

The olefin polymerization may be carried out by employing the same condition as used in the 
20 preparation of ethylene copolymers as aforesaid. 

Hereinafter, the second olefin polymerization catalysts of the present invention are illustrated in detail 
The second olefin polymerization catalysts of the invention are formed from 
[A] hafnium compounds havmg as ligands multidentate compounds in which at least two groups selected 
from among con )u gated cycioaikadienyl groups or substituted groups thereof are linked toqether v,a 
25 . lower alkylene groups. 

[B-1] organoaluminum oxy-compounds formed from tri-n-alkylaluminum. and 

[B-2] organoaluminum oxy-compounds in which at least one hydrocarbon grouo other than n-alkvl is 
linked to Al atom. ' 7 

In the olefin polymerization catalysts mentioned above, the hafnium compounds [A] used are the same 
30 as those mentioned previously. 

The catalyst components [B-1] used in the second olefin polymerization catalysts of the invention are 
organoalummum oxy-compounds formed from tri-n-alkylaluminum. 

n-alkyl group in the tri-n-alkylaluminum mentioned above includes methyl, ethyl, n-propyl, n-butyl n- 
octyl and n-decyl. Among these, particularly preferred is methyl. 
35 The catalyst components [B-2] used in the second olefin polymerization catalysts of the invention are 
organoalummum oxy-compounos in which at least one hydrocarbon group other than n-alky! is linked »o Al 
atom. 

The hydrocarbon group other than n-alkyl includes alkyl having branched chain such as isoalkvl 
cycloalkyl and aryl. • ' 



45 



The aoove-ment.oned organoaluminum oxy-compounds [B-2] in which at least one hydrocarbon grouo 
other than n-alkyl is linked to Al atom may be formed from oraanoaluminum compounds in which at least 
one hydrocarbon group other than n-alkyl is linked to Al atom. Such organoaluminum comoounds as- used 
in the above case include, for example, trialkylaluminum such as triisoprooylaluminum. triisobutylaluminum 
tn-2-methylbutylaluminum. tri-3-methylbutylaluminum. tri-2-methylpentylaluminum. tri-3-methylpen- 
tylalummum. tn-4-methylpentylaluminum. tri-2-methylhexylaluminum. tri-3-methylhexylaluminum and tri-2- 
ethylhexylaluminum; tricycloalkylaluminum such as tricyclohexylaluminum; triarylaluminum such as 
tnphenylaluminum and tritolylaluminum; dialkylaluminum hydrides such as diisobutylaluminum hydride- and 
alkylaluminum alkoxides such as isobutylaluminum methoxide. isobutylaluminum ethoxide and 
isobutylaluminum isopropoxide. Of these organoaluminum compounds, preferred are those having branched 
so alkyl groups, particularly trialkylaium.num compounds. Furthermore, isoprenvlaluminum reoresented by ;h« 
general formula (.-C. H, )*Al y (Cs H , „ ) 2 wherein x. y and z are each a positive integer, and z > 2x is also 
useful. 

In polymerization olefin by using the second olefin polymerization catalysts of the present invention :he 
hafnium compound [A] is desirably used in an amount, in terms of hafnium atoms present in the 
ss polymerization reaction system, of 10" 3 - 10"-' gram atom/I. preferably :0" ; - 10~ 3 gram atom/I -:- e 
organoalummum oxy-compounc ;B-1 1 in an amount, in terms cf aluminum atoms in the polymer.ZcS.cn 
reaction system, of less ;nan 3 mc atom,!, p.e-eraoiy 0.01 - 2 mg atom.i ano esoecially 0 02 - l mo a.-m i 
and the organoalummum oxv-;o™couno {B-2; .n such an amount that the crcoort.cn 0 < 5:orninum 
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-~= ,- :he oraancaiu.vinum o>-/-:t.T.pounc =3-2: :re reacson system -r^e •,>:?.■ a -. : :n..-.u:r. aiosn 
1".' --- = -ra! =,-r- ; jr-Tr cv.""omccur.d i'S-l! and oroarcaiuminum oxy-compound [3-2] is 20 - 95°'-. preier- 
=biy 25 - 90% and especially 30 - 85%. 

In the reaction system, the ration of the total aluminum atom of the organoaluminum oxy-compound (B- 
s 1 ] and organoaluminum oxy-compound (8-2) to hafnium atoms of the hafnium compound (B] is usually 20 - 
10000 preferably 50 - 5000 and especially 100 - 2000. 

In 'that case, the olefin polymerization may be carried out by employing the same conditions as used in 
the preparation of ethylene copolymers as aforesaid. 

, 0 EFFECT OF THE INVENTION 

Novel ethylene copolymers of the present invention are small in Mw/Mn and narrow in molecular weight 
i distribution and moreover, large in MFR 10 /MFR 2 and excellent in flowability. Accordingly, the ethylene 
! copolymers of the invention have excellent processability and are excellent in anti-blockmg propert.es and 
;5 : the like prooerties. 

Novel prooylene copolymers of the invention are low in melting point in comparison with known 
: propylenes-olefin random cooolymers even when said novel propylene copolymers are low in a-olefm 
content and hence they have excellent anti-blocking properties and stiffness. In the present invention, there 
are also provided orocesses for preoaring these novel copolymers mentioned above readily and efficiently. 
so The olefin polymerization catalysts of the invention exhibit high activities even when relatively small 
amounts of organoaluminum oxy-compounds are used therein, and by the use of said catalysts, olenn 
polymers large in molecular weight and narrow in molecular weight distribution and composition aistr.but.on 
are obtained. 

The present invention is illustrated below with reference to examples, but it should be construea that the 
25 ; invention is in no way limited to those examples. 

Example i (Preparation of ethylene copolymer) 

(Preparation of methylaluminoxane) 

30 

Methylaluminoxane was prepared in accordance with the procedure described in Polymer oommun.. 
29. 180 (1988). (Synthesis of ethylenebis(indenyl)hafnium dichloride) 
. . — ' A nitrogen-purged 200 ml glass flask was charged with 5.4 g of bis(indenyi)ethane [synthesized on the 
basis of Bull. Soc. Chim.. 2954 (1967)] and 50 ml of THF. and the flask was cooled with stirring to -30 • 

35 40 • C. To the flask was added dropwise 31 .5 ml of n-Bu Li (1 ,6M solution), stirred successively at -30 • C for 
1 hours, and the temperature was elevated spontaneously to room temperature, thereby anionizing the bis- 
(indenyl)ethane. Separately, a nitrogen-purged 200 ml glass flask was charged with 60 ml of THF. and the 
flask was cooled to below -60* C. followed by gradual addition of 6.7 g of HfCU (contained 0.78% by weight 
of zirconium atoms as contaminants). Thereafter, the flask was heated-up to 60 "C and stirred for 1 hour. To 

40 the flask was added dropwise the anionized ligand. and stirred at 60* C for 2 hours, followed by filtration 
with a glass filter. The filtrate was concentrated at room temperature to about 1/5 of the original volume. By 
this operation conducted, solids were separated. The separated solids were filtered with a glass filter, 
followed by washing with hexane/ethyl ether and vacuum drying to obtain ethylenebis(indenyl)hafnium 
dichloride. 

45 The hafnium compound thus obtained contained 0.40% by weight of zirconium atoms. 
(Polymerization) 

A thoroughly nitrogen-puraed 2 liter glass flask was charged with 950 ml of toluene and 50 ml of 1- 
so octene. ar.a ethylene gas was passed therethrough at a rate of 160 l/hr. The temperature in the system was 
elevated to 55' C. and 1.88 mmoles in terms of aluminum atom of methylaluminoxane and 7.5 x 10 3 
mmole of ethvienebis(indenyl)hafniurn dichloride were added to the system to initiate polymerization. The 
polymerization was carried out at 60 'C for 10 minutes unaer atmospheric pressure while continuously 
feeding etnviene gas. The polymerization was stopped by the addition of small amounts of methanol, and 
55 the pciyr-.enzaiicn solution 'obta.ned was poured in large amounts or methanol to separate polymer. The 
seoaratec coiyner was dried at 130* C for 12 hours unaer .-educed pressure to obtain^ 23^2 g of a polymer 



".avi^.c 
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A thoroughly nitrogen-purged 2 liter glass flask was charged with l liter of toluene, ana a m,x 50 .- as 0 f 
ethylene and propylene (140 I/hr and 40 l/hr respectively) was passed therethrouoh. The temperature in \oe 

5 system was elevated to 75 'C. and 1.88 mmoles in terms of aluminum atom of methylaluminoxane and 7 5 
x 10 3 mmol of ethylenebis(indenyl)hafnium dichloride were added to the system to initiate polymerization 
The polymerization was carried out at 80 'C for 10 minutes under atmospheric pressure while continuously 
feeding the above-mentioned mixed gas to the system. Thereafter, the operation was conducted in the 
same manner as in Example 1 to obtain J 7.5g of a polymer having a density of 0.887 g/cm* the ethylene 

to content of 84.0 mol%. fo] of 1.50 dl/g, Mw/Mn of 2.50. MFR 2 of 0.30 g/10 min and MFR, c/MFR 2 ~ratio of 

Comparative Example 1 

is A copolymer of ethylene and propylene {prepared by using a catalyst comoosed of VOCl 3 and 

aluminum ethyl sesquichioride) having a density of 0.87 g/crn^ MFR 2 of 2.9 g/10 min and Mw/Mn of 2 1 6 
was found to have MFR 1C /MFR 2 ratio of 5.90. 



20 



35 



45 



50 



Example 3 



(Preparation of hafnium catalyst) 



A glass column of 35 mm in inside diameter was filled with a susoension in toluene of ^0 g of 
dimethylsilylated silica gel (Art. 7719, a product of MERCK) deaerated at room temoerature for d hours 
25 Subsequently, 200 ml of the toluene solution (Hf = 2.07 mmol/l) of ethylenebis(indenyl)hafnium dichloride 
prepared in Example 1 was gradually poured into the column. A hafnium solution (Hf = 0.17 m mol/l) e'uted 
by this operation was used as a catalyst component. 

(Polymerization) 

30 

The polymerization was carried out in the same manner as in Example 1 except that the polymerization 
was earned out at 70 'C for 35 minutes using 6.6 x 10-3 mg atom of hafnium atom, to obtain 42 4 g of a 
colorless transparent polymer having a density of 0.855 g/cm\ the ethylene content of 76 2 mcl% M of 
1.89 dl/g, Mw/Mn of 2.48. MFR 2 of 1.49 g/10 min and MFR I0 /MFR 2 ratio of 10.1. 



Examoie 4 



The polymerization was carried out in the same manner as in Example 2 exceot that ^he hafnium 
catalyst component prepared in Example 3 was used in an amount of 6.6 * 10~ 3 mg atom in terms of 
ao hafnium atom to obtain 17.0 g of a colorless transparent polymer having a density of 0.883 g/cm* the 
ethylene content of 83.5 mol%. fo] of 1.61 dl/g, Mw/Mn of 2.54, MFR 2 of 0.73 g/10 min and MFR 1C ,MFR, 
ratio of 12.2. 



Example 5 

The polymerization was carried out in the same manner as in Example 1 exceot that the polymerization 
temperature employed was 40 * C and the polymerization time employed was 15 minutes to obtain 20.5 g of 
a polymer having a density of 0.868 g/cm^ the ethylene content of 82.0 moi%, fo] of 1.79 dl/g. Mw/Mn of 
2.81, MFR 2 of 0.S0 g/10 min and MFR, 0 /MFR 2 ratio of 32.0. 

Example 6 (Preparation of propylene copolymer) 

(Polymerization) 

A thoroughly n.trogen-purged 2 liter stainless steel autoclave was cnarged at room temoerature with 500 
ml or toluene. 3 moies of propylene. 0.1 mole of 1-butene and 5 mg atom m ;erms of Al atom of 
methyiaiummoxane The remceraiure in ;he polymerization syscem was eievateo ;o -15 ' C. anc 1.25 < \Q~: 
rr.moie of ;r.* er-. eneotsnnoenvOharnium cichionce obtained in Examoie 1 was 20cer *c -he 5v«;-^ 
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carry aut poiymer :aaiicn a; 50 5 C J 5 s . ^T':jai-:^ ■■■if f.occoo l~ . ■ - • .v 

The pciymer slurry obtained was poured into large amoums or methanol, the siurry -as recoverec by 
filtration and washed with an isobuty! aicohol/hydrochloric acid solution to remove ihe cataiyst components 
therefrom. The recovered slurry was then vacuum dried overnight at 80* C and 200 - 300 mmHg io obtain 
27.5 g of a polymer having the 1-butene content of 2.2 mol%. fa] of 3.02 dl/g as measured in decalin at 
135'C. a melting point of 124*C as measured by DSC, a boiling trichloroethylene-insolubie content of 0% 
by weight, boiling n-pentane-soluble content of 0.3% by weight and Mw/Mn of 2.41 as measured by GPC. 

Example 7 

The polymerization was carried out in the same manner as in Example 6 except that the amount or 1- 
butene charged was changed to 0.25 mol to obtain 29.1 g of a polymer having the 1-butene content of 5.6 
mol%. fa] of 2.95 dl/g, a melting point of 116'C. a boiling trichloroethylene-insolubie content of 0% by 
weight, a boiling n-pentane-solubie content of 0.4% by weight and Mw/Mn of 2.33. 

Example 8 



(Polymerization) 

A mixed gas composed of 96.7 mol% or propylene, 2.1 mol% of 1-butene and 1.2 moi% or ethylene 
was prepared. 

A thoroughly nitrogen-purged 2 liter stainless steel autoclave was charged with 500 ml of toluene and 
then cooled to 0'C, and the autoclave was further charged with 3 moles of the mixed gas prepared above 

:and 5 mg atom in terms of Al atom of methylaluminoxane. The temperature in the polymerization system 
was elevated to 45 'C. and 1.25 x 10" 3 m mole of the ethylenebis(indenyi)hafnium dichloriae obtained in 
Example 1 was added to the system to initiate polymerization at 50 *C for 0.5 hours. The polymerization 
was stopped by the addition of methanol to the polymerization system. The polymer slurry obtained was 
poured into large amounts of methanol, the slurry was recovered by filtration and washed with an isobutyl 
alcohol/hydrochloric acid solution to remove the catalyst components therefrom. The recovered polymer 
was then vacuum dried overnight at 80' C and 200 - 300 mmHg to obtain 51.3 g of a polymer having the 1- 
butene content of 1.4 mol%, the ethylene content of 1.1 mol%. fa] of 3.32 dl/g as measured in decalin at 

- 135'C. a meiting point of 121 *C as measured by DSC, a boiling trichloroethylene-insolubie content or 0% 
by weight, boiling n-pentane-soluble content of 0.9% by weight and Mw/Mn of 2.45 as measured by GPC. 

Example 9 

The polymerization was carried out in the same manner as in Example 8 except that the mixed gas 
comoosed of 95.1 mol% of propylene. 3.9 mol% of 1-butene and 1.0 mol% of ethylene was used to obtain 
48.5 a of a polymer having the 1-butene content of 2.7 mol%. the ethylene content of 0.8 mol%. fa] of 3.29 
dl/g, a melting point of 1 1 8 * C, a boiling trichloroethylene-insolubie content of 0% by weight, a boiling n- 
pentane-soluble content of 1.1% by weight and Mw/Mn of 2.40. 

Example 10 



(Polymerization) 

A thoroughly nitrogen-purged 2 liter stainless steel autoclave was charged with 750 ml of toiuene and 
then saturated with propylene gas. To the autoclave were added 7.5 mg atom in terms of Al atom of 
methylaluminoxane and 1.88 x 10 -3 mmole of the ethylenebis(indenyl)hafnium dichloride. Polymerization 
was carried out at 50 "C for 0.5 hour at the total pressure of 7 kg/cm 2 G while continuously feeding 
propylene aas to the autoclave. The polymerization was stopped by the addition of methanol to the 
polymerization system. The polymer siurry obtained was poured into large amounts of methanol, the slurry 
was recovered bv filtration and washed with an isobutyl alcohol/hydrochloric acid solution to remove the 
catasyst components '.herefrom. The recovered slum/ was then vacuum dried overnight at SO'C ana 200 - 
300 mrr.Ho to obtain 107.1 o of an isotactic polypropylene having Mw/Mn of 1.89 as measure by GPC. a 
rr*-:-r.c "omr :■: 132' C as -eafurea cv CSC. faj of 2.32 c!;c as measured r. cscaiin as :25' :. a coiling 
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Example 1 1 

A mixed gas composing 98.5 mol% or propylene gas and 1.5 mol% of ethylene gas was prepared To. 
operation subsequent thereto was carried ou, in ,he same manner as in Example t ^ obta.n s'To of ! 
polymer havmg the ethy.ene content of 1.3 mo.%. [,, of 3.50 d./g. a melting po.nt or ,25'C a hoT 

;r ™ ub,e con ' ent of o% by wei9ht - a bo,,ina — ^ « ^ b ; 

Evaluation 



75 



Heat-sealing properties of the propylene polymers obtained hereinabove 



manner. 



were evaluated in the following 



Preparation of film 



20 



25 



30 



On a press plate were placed an aluminum sheet of a 0.1 mm thick a nni^,^ - n ^ t / 
under a trade name of Rum.ler by Toray, and a polyimide resin sh a r^^ X .T^ 
of Capton by Du Pont,, a square of ,5 cm * .5 cm of the center of wnicS had been c7of n St nT 
and as g of the specimen was placed in this center (the cut-off portion of the po"m,2 ^ * 
then Rum.len». an alum.num sheet and a press plate were superposed thereon in that orc-r Fi Q 3,' 

The specmen thus interposed between the press plates was placed in a hot oress keotVpoo -r\ h 
preheated for about 5 minutes, followed by subjecting three times to pressure aopiication (20 klo J G) -nd 
re.ease operation ,n order to remove air bubbles present in the specimen. Subsequently the o ensure w-s 
increased finally to ,50 kg,cm< G and the specimen was heated for 5 minutes unde ore sure Aft! 
re.eas.ng the pressure, the press plate was taken out from a press machine and transferred Ho eoarat 
press machine kept at 30 'C in ,ts press in portion and then cooled for 4 minutes at a pressure T oo 

ot^n JT , " T 9 Pr6SSUre t3kin9 ° Ut ,hG Spedmen the ^°- Of "e f Is thus 
obta-ned. those hav.ng a uniform th.ckness of 50 - 70 urn were used as the films for measurement 

Measurement of heat-sea ling strength 

The films thus prepared are placed for 2 days in a hvarostat kPr^ -t ^ ■ , , 

aging, sheets of paper are applied to both s.des of the fi^so haMh Is do Z ^ ^ 
each other. The films thus aged are cut up into strips of a 15 II ^^ ^7^^ 
placed one upon another and then interposed between two sheets of Teflon Film of a 0 mm ^ . 
followed by heat sealing. The heat sealing is earned out while maintaining he elp rLur o7" pit 
pon,on of a hot plate of heat sealer constant at 70' C and varying only the temoera ure of r ZZ T 
<o of hot plate suitably at intervals of 5 • C. The heat-sealing pressure employees 2 a Cm 1 Z > ' T 
time employed is , second, and a width of heat sea. isYmm (accordinTy a sea^rea^ TZTl 

Heat-sealing strength is determined by obtaining a peeling strength of the heat sealed film ^*rt 0 « , 
peeling test at a rate of 30 cnvm.n a, each heat-sealing temperature a's mentioned Ibovels Tpig 'If 
n J° T ng t ,he . aoo ; e ;™' io <^ Procedure, a peeling strength at each of the heat-sea ing temperatures 
ZnL IT ° f 5 0 ' S ° btained ' 3nd the p,ots of ^at-sealing temperature-peeling ^ sTeng h Ire 
connected by means o. a curved line. On the basis of the curved line, a heat sea.inV.emperatu re 
corresponding to a peeling strength of 800 g ,15 mm ,s taken as a completely heat-sealed temped 

fojofng i::;^ C ° mP,ete,y temP — * *» obtained in the 
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(Preparation or organoaluminum oxy-compound [B-ij) 

5 A thoroughly nitrogen-purged 400 ml flask was charged with 37 g of AI 2 (S0 4 ) 3 * 1 4H 2 0 and 125 ml or 

toluene and cooled to 0 * C, followed by dropwise addition of 500 mmol of trimethylaluminum diluted with 
125 rnl of toluene. The temperature of the flask was elevated to 40 * C, and reaction was continued at that 
temperature for 10 hours. After the completion of the reaction, solid-liquid separation of the reaction mixture 
was effected by filtration, and the toluene was removed from the filtrate to obtain 13 g of a white solid 

jo organoaluminum oxy-compound. The molecular weight of the compound obtained was 930 as measured in 
benzene by the cryoscopic method, and m value shown in the catalyst component [B-1] was 14. 

(Polymerization) 

is A thorough'y nitrogen-purged 2 liter stainless steel autoclave was charged with 500 ml of toluene, and 

the system was purged with propylene gas. Successively, to the autoclave were added 1 mmol of 
triisobutylaluminum, 1 mg atom in terms of Al atom of the organoaluminum oxy-compound obtained above, 
and 1 x 10~ 3 mmol of the ethylenebis(indenyf)hafnium bichloride obtained in Example 1. and the 
temperature of the system was elevated to 45 * C. Thereafter, polymerization was carried out at 50 "C for 1 

20 hours, while feeding propylene gas to the polymerization system so that the* total pressure became 7 
kg/cm 2 G. to obtain 45.0 g of an isotactic polypropylene having [ij] of 2.5 dl/g as measured in decalin at 
135*C. Mw/Mn of 2.2. a melting point or 132*C. a boiling trichloroethylene-insoluble content of 0% by 
weight and a boiling n-pentane-soluble content of 0.2% by weight. 

25 ; Comparative Example 2 



The polymerization of Example 12 was repeated except that the triisobutylatuminum was not used to 
obtain 5.1 g of isocactic polypropylene having fa] of 1 .9 dl/g. Mw/Mn of 2.1 and a melting point of 1 31 ' C. 

30 Example 13 



The polymerization of. Example 12 was repeated except that in place of the triisobutylaluminum there 
• • were used 1 m mot of tri-2-ethylhexylaiuminum and 0.5 mg atom in terms of Al atom of commercially 
available aluminoxane to obtain 38.2 g of isotactic polypropylene having fa] of 2.3 dl/g, Mw/Mn of 2,4. a 
35 melting point of 131 * C. a boiling trichloroethylene-insoluble content of 0% by weight and a boiiing n- 
pentane-soluble content of 0.3% by weight. 

Example 14 



4Q A nitrogen-purged 1 liter glass autoclave was charged with 335 ml of toiuene and 15 ml of octene, 

followed by elevating the temperature of the system to 70 *C while blowing ethylene gas thereinto. 
Successively, to the autoclave were added 0.4 mmol of triisobutylaluminum, 0.2 mg atom in terms of Al 
atom of commercially available aluminoxane and 3 x 10~ 3 mmol of the ethylenebis(indenyl)hafnium 
dichloride obtained in Example 1 to initiate polymerization. The polymerization was carried out at 70 ' C for 

45 30 minutes while continuously feeding ethylene gas to the polymerization system to obtain 16.8 g of an 
ethylene/1 -octene copolymer having Mw/Mn of 3.18. MFR 2 of 0.09 g/10 min, MFR, 0 /MFR 2 of 30.7 and a 
density of 0.879 g/cm 3 . 

Example 1 5 

50 

(Preparation of organoaluminum oxy-compound [B-2]) 

A thoroughly nitrogen-purged 400 ml flask was charged with 4.9 g of AI 2 (SCU)3* 14H 2 0 and 125 mi of 
toluene and cooled to 0"C, followed by dropwise addition of 200 mmol of triisobutylaluminum diluted with 
55 1 25 ml of toluene. The temperature of the reaction system was elevated to -*0 " C, and reaction was 
continued at that temperature for 24 hours. After ihe completion of the reaction, solid-liquid separation of the 

emoveo . : rcm :he :iitra:e. anc a moieojia:' 
s measuzeo m oenzer-e ov :ne c.-vosccc;.: 



=c;;cn mixiure v £ s conGuctca oy Miration. \re ;oiue. r ".e -as 
;r ~^rcaiummum oxv-cofr.po^f'c '5-2: octr/^-ra • 
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5 



(Polymerization) 



5 A thoroughly nitrogen-purged 2 liter stainless steel autoclave was charged with 500 ml of toluene, and 

the system was then purged with propylene gas. Successively, to the autoclave were added 1 mg atom 
each in terms of Al atom of the organoaiuminum oxy-compound [B-1] and the organoa/uminum oxy- 
compound (B-2J and 1.0 x 10" 3 mmol of ethylenebis(indenyl)hamium dichloride, and the temperature of the 
polymerization system was elevated to 30 *C. Thereafter, polymerization was carried out at 30 'C for 20 

o minutes while feeding propylene gas to the total pressure became 5 kg/cm 2 G to obtain 9.5 g or isotactic 
polypropylene having [,,] of 4.1 dl/g, Mw/Mn of 3.5. a melting point of 135'C. a boiling trichloroethylene- 
insoluble content of 0% by weight and a boiling n-pentane-soluble content of 0.2% by weight. 



Examole 16 



Example 12 was repeated except that the polymerization was carried out under the total pressure of 7 
kg/cm 2 G at 50* C for 1 hours using 1 mg atom in terms of Al atom of (iso-OHo) 2 AI-0-AI(iso-C 4 Ho) 2 as the 
organoaiuminum oxy-compound [8-2] and 0.5 mg atom in terms of Al atom of the organoaiuminum oxy- 
compound [B-1] to obtain 35.1 g of isotactic polypropylene having [,] of 2.2 dl/g, Mw/Mn of 2.1. a melting 
point of 132*C, a boiling trichioroethylene-insoluble content of 0% by weight and a boiling n-pentane- 
soluble content of 0.3% by weight. 



Comparative Example 3 



. Example 16 was repeated except that the organoaiuminum oxy-compound [B-2J was not used to obtain 
2.4 g of isotactic polypropylene having [,] of 1.5 dl/g and a melting point of 130'C. 



Examole 17 



A thoroughly nitrogen-purged 1 liter glass autoclave was charged with 328 ml of toluene and 22 ml of 1- 
octane, and the system was then elevated in temperature to 70 'C while blowing ethylene gas thereinto. 
Successively, to the autoclave. were added 0.4 mg atom in terms of Al atom of 



(iso-C 4 H g ) 2 A1- (O- Al) 2 -OAl ( iso-C 4 H 9 ) 2 

I 

iso-C4H9 

as the organoaiuminum oxy-compound (B-21, 0.2 mg atom in terms of Al atom of the above-mentioned 
organoaiuminum oxy-compound [B-1] and 3 x 10" 3 mmol of ethylenebis (indenyl)hafnium dichloride to 
initiate polymerization. The polymerization was carried out at 70 'C for 30 minutes while continuously 
feeding jthylene gas to the polymerization system to obtain 12.3 g of an ethylene/1 -octene copolymer 
having Mw/Mn of 2.49. MFR 2 of 7.2 g/10 min, MFR, 0 /MFR 2 of 9.3 and a density of 0.853 g/cm 3 . 

Claims 

1. "In ethylene copolymers composed of structural units (a) derived from ethylene and structural units (b) 
derivea from a-oiefin of 3 - 20 carbon atoms, the improvement which resides in that the ethylene 
copolymers have 

(A) a density of 0.85 - 0.92 g/cm J , 

(B) .an intrinsic viscosity fo] as measured in decalin at 1 35 "C of 0.J - 10 dl/o. 

(C) a ratio (Mw/Mn) of a weight average molecular weight (Mw) to a number average molecular 
we:Ght (Mn) as measured by GPC of 1.2-4, and 

(D) a ratio {MFR, C /MFR 2 ) of MFR, 0 under a load of 10 kg to MFR 2 uncer a load of 2 16 kg =t 
190 ' C of 3 - 50. " 
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2. e rrccess for preparing ethylene copolymers. ;he improvement which comprise ccc-os'-men;; ■- -■. 
e;r.y.er.a and a -olefin of 3 - 20 carbon aioms :n :he essence ci a c?/.=:ys: sc ;r = : ;e c_* 
copolymers have a density of 0.85 - 0.92 g/cm 3 . said catalyst being composed or 

[A] a hafnium compound having as a ligand a multidentate compound in which at least two groups 
5 selected from among indenyl groups or substituted groups thereof are linked together via lower 

alkylene groups or hafnium compounds obtained by treating the above-mentioned hafnium com- 
pounds with aikylsilyfated silica gel, and 

[B] an organoaluminum oxy-compound. 

:o 3. In propylene random copolymers composed of structural units (a) derived from propylene and structural 
units (b) derived from a -olefin of 4 - 20 carbon atoms, the improvement which resides in that [he 
propylene random copolymers have 

(i) the structural units (a) in an amount of 90 - 99 mol% and the structural units (b) in an amount of 
1-10 mol%. 

:5 (ii) an intrinsic viscosity [tj] as measured in decalin at 135"C of 0.5 - 6 dl/g. 

(iii) a melting point [Tmj as measured by a differential scanning calorimeter falling within the range 
of 90 < Tm < 155 - 3.5 (100 - P) wherein P is the propylene content (mol%) present in the 
copolymer, 

(iv) a ratio (Mw/Mn) of a weight average molecular weight (Mw) to a number averaae molecufar 
20 weight (Mn) as measured by gel permeation chromatography of less than 3.5. and 

(vj a boiting trichloroethylene-insoluble content of less than 5% by weight. 

4. In a process for preparing propylene random copolymers, the improvement which comprises 
copolymerizing propylene and a -olefin of 4 - 20 carbon atoms at a temperature of 40 - lOO'C in the 
2S presence of a catalyst so that the resulting copolymers have structural units (a) derived from propylene 

in an amount of 90 - 99 mol% and structural units (b) derived from a-oiefin in an amount of 1 - 10 
moi%, said catalyst being formed from 

[A] a hafnium compound having as a ligand a multidentate compound in which at least two groups 
selected from among cycloalkadienyl groups or substituted groups thereof are linked together via 

20 lower alkylene groups, and 

[B] an organoaluminum oxy-compound. 

* 5. In propylene random copolymers composed of structural units (a) derived from propylene, structural 
units (b) derived from ethylene and structural units (c) derived from a-oiefin of 4 - 20 carbon atoms. 
J5 the improvement which resides in that the propylene random copolymers have 

(i) the structural units (a) in an amount of 90 - 99 mol%, the structural units (b) m an amount of 0.5 
- 9.5 mol% and the structural units (c) in an amount of 0.5 - 9.5 mol%, 

(ii) an intrinsic viscosity foj as measured in decaiin at 135 ' C of 0.5 - 6 dl/g. 

(iii) a melting point (Tmj as measured by a differential scanning calorimeter falling with in the range 
*o of • 

70 < Tm < 155 - 5.5 (100 - P) wherein P is the propylene content (mol%) present in the copolymer, 
and 

(iv) a boiling trichloroethylene-insoluble content of less than 5% by weight. 

J S 6. In a process for preparing propylene random copolymers, the improvement which comprises 
copolymerizing propylene, ethylene and a-olefin of 4 - 20 carbon atoms in the presence of a catalyst 
so that the resulting copolymers have structural units (a) derived from propylene in an amount 90 - 99 
moi%, structural units (b) derived from ethylene in an amount of 0.5 - 9.5 moi% and structural units (c) 
derived from a-olefin in an amount of 0.5 - 9.5 mol%. said catalyst being formed from 
50 [A] a hafnium compound having as a ligand a multidentate compound in which at least two groups 

selected from among cycloalkadienyl groups or substituted groups thereof are linked together via 
lower aikylene groups, and 
[B] an organoaiuminum oxy-compound. 

55 7. A neat sealing agent comonsmg ;ne propylene ranoom copolymers as claimed in ciaim 3 or 5. 
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se;cc;e-c ::o:r. a:^ong co^-uga^c ;yc:ca!Kac:e.'vy. ^ro^-ps 5wC-s;;*u:~c g.-^jps -.r.e.'ec; a; a .m^,; 
ir-S' v;a !G'.'«*er aiKy-ene groups. 

[B] an organoaluminum oxy-compound. and 

[C] an organoaluminum compound. 

An olefin polymerization catalyst formed from 

[A] a hafnium compound having as a ligand a multidentate compound in which at least two groups 
selected from among conjugated cycloalkadienyl groups or substituted groups thereof are linked 
together via lower alkylene groups, 

[B] an organoaluminum oxy-compound formed from tri-n-alkylaluminum, and 

[C] an organoaluminum oxy-compound in which at least one hydrocarbon group other than n-alkyl 
group has been linked to Al atom. 
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FIG. 1 



(A) Transition metal 
component 



Hafnium compound having as a 
ligand a multldentate compound 
In which at least two groups 
selected from among conjugated 
cycloalkadlenyl groups or 
substituted groups thereof 
are linked together via lower 
alkylene groups, or 
a treated product thereof. / 



(B) Organometallic 
component 



f Organoaluminum 
I oxy- compound 



Olefin 
copolymer 
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What is claimed is: 



l" in ethylene copolymers composed of structural units (a) 
Terived from ethylene and structural units (b) derived from 
a-olefin of 3 - 20 carbon atoms, the improvement which 
resides in that the ethylene copolymers have 

(A) a density of 0.85 - 0.92 g/cm 3 , 

(B) an intrinsic viscosity n] as measured in decalin at 

135°C of 0.1 - 10 dl/g, 

(C) a ratio (Mw/Mn) of a weight average molecular weight 
':■ (Mw) to a number average molecular weight (Mn) as 

measured by GPC of 1.2 - 4, and 
■(D) a ratio (MTRio/MFR 2 ) of MFRio under a load of 10 kg to 
MFR 2 under a load of 2.16 kg at 190°C of 8-50. 

2. In a process for preparing ethylene copolymers, the 
improvement which comprises copolymeriz ing ethylene and o- 
olefin of 3 - 20 carbon atoms in the presence of a catalyst 
so'that the resulting copolymers have a density of 0.85 - 
0.92 g/cm 3 , said catalyst being composed of 
[A] a hafnium compound having as a ligand a multidentate 
compound in which at least two groups selected from 
among indenyi groups or substituted groups thereof are 
linked together via lower alkylene groups or hafnium 
compounds obtained by treating the above-mentioned 
hafnium compounds with aikylsilylate_d__silica gel, and 



6S 



1 0 



IB] an organc.alua.inum oxy-compouncL 

3 ln propylene random copolymer<composed of structural 
unics (a) derived from propylene and structural units <b, 

„ h ich resides in that the propylene random copolymers have 

, n^, (a) <n an amount of 90 - 99 mol% 
( ij the structural units (a) -n 

=i „nits (b) in an amount of 1 - 1° 
and the structural units (d> 

mo 1 % , 

an intrinsic viscosity as measured in decaUn at 

135°C of 0.5 ~ 6 dl/g, 

a melting point ,1., as measured by a differential 
scanning caiorimeter falling within the range o: 

90 < Tm < 155 - 3.5 (100 - P) 
herein P is the propylene content ,mol%, present in 

i 5 the copolymer, 

a ratio (Mw/Mn) of a weight average molecular weight 
(Sjw) to a ,-er average molecular weight ,Mn, as 
■ measured by gel permeation chromatography of less than 

3.5, and 

20 lv) a boiling trichloroethylene-insoluble content of less 
than 5% by weight. 
. in a process for preparing propylene random copolymers, 
the improvement which comprises copolymerizing propylene and 
a -olefin of , - 20 carbon atoms at a temperature of 

- ca taWst so that the resulting 
2 5 100°C in the presence o, « cate-/sc 



(iv) 



6 9 



copolymers have structural units (a) derived from propylene 
in an amount of 90 - 99 mol% and structural units (b) derived 
from a - 0 iefin in an amount of 1 10 mol%, said catalyst 

being formed from 
5 [A] a hafnium compound having as a ligand a multidentate 
compound in which at least two groups selected from 
among cycloalkadienyl groups or substituted groups 
thereof are linked together via lower alkylene groups, 
and 

10 [B ] an organoaluminum oxy-compound . 

5. In propylene random copolymers composed of structural 
units (a) derived from propylene, structural units (b) 
derived from ethylene and structural units (c) derived from 
a-olefin of A~^~2Q carbon atoms, the improvement which 
1 5 resides in that the propylene random copolymers have 

(i) the structural units (a) in an amount of 90 - 99 moi%, 
the structural units (b) in an amount of 0.5 - 9.5 
mol% and the structural units (c) in an amount of 0.5 
- 9.5 mol%, 

2 0 (ii) an intrinsic viscosity [Tl] as measured in decalin at 
135°C of 0.5 - 6 dl/g, 
( iii) a melting point [Tm] as measured by a differential 
scanning calorimeter falling with in the range of 
70 < Tm < 155 ~ 5.5 (100 - P) 



70 



6 



90 



wherein P is the propylene content (mol%> present in 
the copolymer, and 
(iv) a boiling trichloroethyl^ne-insoluble content of lass 

than 5% by weight, 
in a process for preparing propylene random copolymers, 
th o improvement which comprises copolymerizing propylene, 
ethylene and a-olefin of 4 - 20 carbon atoms in the presence 
of a catalyst so that the resulting copolymers have 
structural units (a) derived from propylene in an amount 
99 ,001%, structural units (b) derived from ethylene in an 
amount of 0.5 - 9.5 mol% and structural units (c, derived 

n s - 9 5 mol% , said catalyst 
from a-olefin in an amount of 0.5 y . :> 

being formed from 

[A] a hafnium compound having as a iigand a multidentate 
compound in which at least two groups selected from 
among cycloalkadienyl groups or substituted groups 
thereof are linked together via lower alkyiene groups, 
and 

[B] an organoaluminum oxy-compound . 

7 . A heat sealing agent comprising the propylene random 
copolymers as claimed in claim 3 or 5 . 

8. An olefin polymerization catalyst formed from 
(A ] a hafnium compound having as a ligand a multidentate 

compound in which at least two groups selected from 



7 1 



among conjugated cycloalkadieny 1 groups or substituted 
groups thereof are linked together via lower alkylene 
groups, 

[B] an organoaluminum oxy-compound, and 
5 [C] an organoaluminum compound. 

9. hn olefin polymerization catalyst formed from 
[A] a hafnium compound having as a ligand a multidentate 
compound in which at least two groups selected from 
among conjugated cycloalkadieny 1 groups or substituted 
10 groups thereof are linked together via lower alkylene 

groups , 

(3] an organoaluminum oxy-compound formed from tri-n- 
alkylaluminum, and 

[C] an organoaluminum oxy-compound in which at least one 
1 5 hydrocarbon group other than n-alkyl group has been 

linked to Al atom. 
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